Introduction
The present study was carried out on four, big cat, lion skulls (Panthera leo) (family: Felidae, genus: panthera). For comparison, another 4 skulls of the family Felidae, the domestic cat (Felis catus), as well as 15 of the domestic dog (Canis lupus familiaris) were chosen.
The variability in the size and shape of the skull among domestic dogs and cats (Sisson, 1975; Evans, 1993 and Vilà et al., 1999) as well as among wild large cats is considerable compared to other mammalian species. Many parameters have been used to characterize the shape of the skulls in dogs and cats, of these the skull indices and ratios are effective tools for separating and defining the morpho-Skull Morphometry of the lion, dog and cat Saber and Gummow logical types (Onar and Güneş, 2003) . Künzel et al., (2003) confirmed three phenotypically different skull formations in the feline skull namely; round-shaped, triangular and cuneiform. In dogs, three skull types were recognized: the dolichocephalic, the mesanticephalic and the brachycephalic (Dyce et al., 2010 , Evans, 1993 and Onar et al., 2003 , 2012 . Skull morphometric analysis has also helped discriminate tiger skulls of certain regions e.g. the mainland Asia tiger and the Suda Island tigers and their subspecies: Java/Bali, the Sumatra and the Siberian tiger (Mazàk, 2008) .
Morphometric measurements thus help in understanding the skull morphology of different animal species, detecting skull deformations, and determining the cause of these deformations (Onar and Güneş, 2003) .
The aim of this study is to add to the database the skull measurements of mixed Egyptian breeds of dogs and cats, and compare these measurements, indices and cranial capacity to a lion skull.
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Material and Methods
A skull of a lion (Panthera leo) that died in the National Circus in Egypt was brought to the Department of Anatomy and Embryology, Faculty of Veterinary Medicine, in Sadat City. The age of the animal was not known, however tearing of the teeth and loss of some of its teeth denotes an old animal. The skull was prepared using the boiling maceration technique for skeleton preparation described by Simoens et al. (1994) . In addition, three clean African lion skulls kept in the Giza Zoo museum were also used in this study. For comparison purposes, four skulls of domestic cats as well as fifteen skulls of domestic dogs kept in the museum of the Department of Anatomy and Embryology in the same Faculty in Sadat City were also used in this study.
The external measurements taken were: the skull length, skull width, cranial length, cranial width, facial length, facial width, skull weight, orbital height, orbital width, inter orbital distance (rostral, middle and caudal), mandibular length and mandibular weight.
The cranial as well as the orbital capacity of the lions, dog and cat skulls were determined and estimated using mustard seeds. For measuring the orbital capacity, foramina opening into the orbital cavity, were plugged with plasticin (plastic clay) and cotton wool. The communication between the orbital cavity and temporal fossa was blocked with cotton wool and the whole orbital cavity was lined with a very thin tissue paper. Then this cavi-Skull Morphometry of the lion, dog and cat Saber and Gummow ty was filled with mustard seeds to the level of the orbital rim. The contents were emptied and measured in a measuring cylinder.
For measuring the cranial capacity, all the foramina of the cranial cavity were plugged with cotton wool. The cavity was then filled with mustard seeds through the foramen magnum up to its brim. The mustard seeds were then emptied into a measuring cylinder to get the capacity.
Skull Parameters Measured:
1) Cranial length: Distance between the highest point of the parietals to the middle of the rostral margin of the incisive bone.
2) Cranial width: Distance between two zygomatic arches.
Skull length
3) Skull base length: Distance between the midpoint of the dorsal margin of the foramen magnum to the level of the middle point on the rostral margin of the incisive bone.
4) Weight of the skull: Weight of the skull (excluding the mandible).
Cranial Parameters Measured: 1) Cranial length: Distance from the central point of the fronto-nasal suture to the middle point of the nuchal crest.
2) Cranial width: Maximum distance between the highest point of the parietal bones.
3) Cranial index =
Cranial width
Cranial length
x 100 (Miller et al., 1964) 4) Capacity of the cranial cavity Orbital parameters Measured: 1) Orbital length: The perpendicular distance between the supraorbital and infraorbital margins of the orbit.
2) Orbital width: The horizontal distance between the rostral and caudal margins of the orbital rim.
3) Orbital index =
Orbital width
Orbital length
x 100 (Miller et al., 19964) 4) Inter-orbital distance:
i. At rostral level: Distance between the junction of frontolacrimal sutures of either side at the rostral margin of the orbit.
ii. At middle level: Distance between the supraorbital borders of orbit on either sides.
iii. At caudal level: Distance between the junctions of the zygomatic bone at the caudal margin of the orbit on either side.
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5) Orbital capacity
Facial Parameters Measured: 1) Facial length: Distance from the fronto-nasal suture to the centre of the incisive bone.
2) Facial width: Distance between the caudal extents of the orbital rims.
3) Facial index =
Facial width
Facial length
x 100 (Miller et al., 1964) All the obtained measurements were expressed as mean±SD as well as minimum and maximum values in Tables (1-4)
Data Analysis
The craniometric measurements were taken using a normal caliper. Photographs were taken by a Samsung digital camera WB 700. Nomina Anatomica Veterinaria (2005) was utilized for denominating the anatomical terms in the study. Associations between morphometric measurements within each of the species examined were compared using the Pearson product-moment correlation coefficient (van Belle, et al., 2004) . Analysis was carried out in MS Excel 2010. Coefficients > 0.7 were considered to have a strong positive correlation and coefficients <-0.7 were considered to have a strong negative coefficient. Linear regression models (van Belle et al., 2004) were used to model the linear relationship between selected measurements that had a particularly strong correlation.
Results & Discussion

Techniques used:
Mustard seeds have been used for measuring the cranial and orbital capacities by many authors because of their rounded shape and small size (Saber, 1989 and Sarma, 2006 (Onar et al., 2002; Alpak, 2003 and Kock et al., 2012) . Modern techniques are more accurate in measuring and analyzing parameters on a plane surface, but less accurate in determining the cranial and orbital volumes, which is why mustard seeds were used in this case.
Morphometric measurements:
The results of this study were expressed as mean, standard deviation (SD) of the mean with the maximum and minimum values. (Tables 1-4 The calculations of 14 indices and ratios were accomplished using the craniometric measurements in dogs (Sisson, 1975; Komeyli, 1984; Von Brehm et al., 1985; Betti, 1990; Lignereux et al., 1991 Lignereux et al., , 1992 Regedon et al., 1991; Evans, 1993; Simoens et al., 1994; Onar et al., 1997 Onar et al., , 2001 Onar et al., , 2002 Onar, 1999; Janeczek et al., 2005) .
Many studies of canine skull morphometry have been performed (Hidaka et al., 1998 , Kauhala et al., 1998 Onar, 1999; Onar et al., 1997 Onar et al., , 2001 Yildiz et al., 1993) The practical application of this is that regression models can be used to accurately predict the one measurement if the other is known. For example if the facial width is know it is possible to predict the skull weight using the regression model Skull weight = 214+84(facial width). Orbital Height appears to be particularly well correlated to a number of other morphometric measurements (Table 6) . Examination of the correlation matrix for the cat (Table 7 ) also shows a number of measurements to be strongly correlated. However the proportion of pairs that are strongly correlated is lower than for the lion skull (35/91=38%) and most of these are positive correlations. There was still a strong correlation between facial Skull Morphometry of the lion, dog and cat Saber and Gummow width and skull weight (0.86) but less so than for the lion. Correlations with orbital height were more variable.
In the dog only three pairs of measurements had strong correlations (Table 8) . These were skull length with facial length and orbital capacity, and caudal intra-orbital distance with middle intra-orbital distance. These correlations are not unexpected. What is surprising is the lack of meaningful correlations between the other measurements when compared to lions and cats. There was a difference in sample sizes between the number of dog skulls (n=15) compared to the number of lion and cat skulls (n=4) and initially it was thought that the increase in sample size might have brought more variability into the data accounting for the poor correlations. However when covariances were calculated (SD/mean) there was not much difference in covariance between the three groups (Table 9) making variability in the data unlikely as the reason for the poor correlations seen in the dog skulls.
Skull capacity:
Hajnis (1962) stated that the skull capacity is not dependant on the form of the skull. In the domestic cat, the neurocranial volume was 28 ± 0.97 ml, neurocranial length was 6.63 ± 0.77 cm, and the neurocranial height and index were 3.32 ± 0.38 cm and 49.83%, respectively (Uddin et al., 2013) .
Hieck and Dougherty (2013) estimated the cranial capacity and cranial index for the bull, deer, pig, raccoon, cat, badger, gray fox, squirrel, Prairie dog, marmot, jack rabbit and human, postulated that predators, in comparison to prey, were of a higher intelligence.
Conclusion:
The data obtained in this study are of great significance in paleontological studies and can be compared to cranial measurements of fossils. In addition, it provides baseline data on the skull osteometry, which is useful for comparative anatomical and developmental studies and is important also in the clinical treatment of diseases. Skull Morphometry of the lion, dog and cat Saber and Gummow Skull Morphometry of the lion, dog and cat Saber and Gummow Skull length ( Skull Morphometry of the lion, dog and cat Saber and Gummow Skull length (cm) Skull Morphometry of the lion, dog and cat Saber and Gummow 
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